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NAIP Basics

• National Agriculture Imagery Program
• 1 & 2-meter resolution acquisition
• Leaf On  (prime growing season)
• DOQQ and Compressed County Mosaic
• Used for compliance, base layer, other
• Funded by FSA & partner organizations
• Currently slated to become the 1-meter 

portion of Imagery For The Nation



NAIP History

RFP



The Issue at Hand

• In the past, NAIP used horizontal accuracy 
specifications relative to other imagery 
rather than to true ground control
– Less accurate as a base layer

• Less accurate to digitize upon
• Less accurate to other vector datasets
• Less appealing to partners
• Less valuable as a product

• Opportunity arose in UT to move NAIP to 
absolute accuracy specification



Why move to absolute accuracy?
Business Case

• Imagery used as a base layer in GIS
– Imagery often the most spatially accurate data

• Digitize on imagery; “most accurate” to true ground
– Less manipulation of vector data over time to “match” base
– Alleviate continual horizontal adjustments/workload

• A more accurate dataset is a more valuable dataset
– Has more uses and more confidence

• Attracts more partners = less Federal dollars spent

• Better for meeting customer requirements
• Good business



Approval

• Support for UT NAIP Pilot Project
– FSA (APFO, WDC & State offices)
– NAIP partners
– State GIS office (AGRC)
– NAIP contractor (North West Geomatics)



Relative and Absolute

• NAIP Relative Accuracy 
– New imagery tied to old imagery

• ± 5-meter for 1-meter NAIP
• ± 10-meter for 2-meter NAIP

– Pro
• CLU and other SCA data should match new imagery 

since both are tied to the old imagery
– Con

• Other data sets may not match because they are not 
tied to the old imagery



Relative and Absolute
• NAIP Absolute Accuracy

– Pros:
• Imagery represents reality, not former imagery
• Don’t use errors and offset from former imagery
• Imagery would match most other data sets
• Potentially more NAIP partners
• Less “maintenance” to CLU datasets after an initial shift

– Cons: 
• Additional cost and time to acquire control
• Additional time may be needed to produce imagery
• No nationwide, standardized, photo-identifiable control point 

database for use in production & inspection
• Changes to inspection, database, & contracting processes



Determine Accuracy Requirements

• Researching & selecting a standard
– Industry standards, imagery uses, accuracy 

requirements, existing standards
• Discussions with USGS

– Number and distribution of points, methods used 
with former and existing imagery programs

• Discussions with AGRC & NW Geomatics
– Number of points and specifications, scheduling, 

contacts, meetings, emails, and telephone calls 
• Discussions with IFTN representatives



Determine Accuracy Requirements

• Reviewed & evaluated standards:
– NMAS

• National Map Accuracy Standard

– ASPRS
• American Society for Photogrammetry & Remote Sensing

– NSSDA
• National Standard for Spatial Data Accuracy

– IFTN
• Imagery For The Nation



Determine Accuracy Requirements

• Finally!!!
– 2006 NAIP UT 1m GSD Requirement

• “95% of points tested must fall within six (6) 
meters of pre-determined quality assurance 
ground control points”

– 2007 NAIP 1m GSD Requirement
• 95% of well-defined points tested shall fall 

within 6 meters of true ground
– Meets or exceeds NMAS for 1:12000, ASPRS class 2, 

and Imagery for the Nation (last iteration)



Acquiring & Maintaining Photo Control

• General Workload
– Standards development 
– Point selection for AGRC 
– Coordination with AGRC and other agencies
– Finding, evaluating, preparing control points 

from other sources for use in inspection
– Database creation
– Control point inspection
– Data maintenance
– Continued research and testing 



Acquiring & Maintaining Photo Control

• AGRC point selection
– Researched how others select & acquire control
– Met with AGRC Surveyor Sean Fernandez
– APFO selected each of the 87 inspection points and 

created a simple map and descriptor of each point 
– Field Control Sheet
– Support Data 

• Photographs (N, S, E, W & Close up view of point)
• Raw GPS data
• NGS OPUS report (Online Positioning User System)
• Maps, sketches, descriptions 



Acquiring & Maintaining Photo Control

• Control point accessibility
– Production Control Points

• 1 meter NAIP 2006 orthoimagery production
• 1 foot UT imagery (Coverage for approx ¼ of the state)

• Use for 6-inch imagery for Salt Lake County 
• Data available for public use

– APFO Inspection Control Points
• 1 meter NAIP 2006 orthoimagery inspection
• Data not available for public use



Inspection Control Point Sample



Sample 
Observation 
Sheet



Approximate 
locations of the 87 
inspection control 
points
(3 per county)

According to AGRC the points are 
accurate to within millimeters, others 
centimeters, and others decimeters.  
In other words, sub-foot accuracy.



Approximate 
locations of 
the 57 
production 
control points



OPUS 
Sample 
Report 

National Geodetic Survey
Online Positioning User Service

http://www.ngs.noaa.gov/OPUS/



Ortho-Production Control
Selecting the point Control point marker



Ortho-Production Control
Control point examples



Inspection Control
Control point examples



Inspection Control
Control point examples



Control Points
-AGRC
-NGS
-USFS
-USGS



Distribution 
of all control 
points used 
for inspection



Distribution of 
AGRC control 
points used 
for inspection



Control Point Database Design

• The connecting factor in the move of NAIP 
from relative to absolute control specs

Relative Absolute



Control Point Database Design
• Control Point Database: database of all photo-

identifiable ground control points used for NAIP 
inspection
– Start with UT pilot
– Design geared towards National coverage (long term)
– Flexibility

• Can “handle” most data delivery formats
– Numerous data sources (USGS, USFS, States, NGS, Private, etc.)
– Accommodating field types and lengths

• Maintained as .dbf this year
– Future Oracle table

• Capable of adding x,y (lat,lon) “events” into ArcMap
• Not for public disbursement



DB Fields

• Critical fields
– LAT
– LON
– DESCRIPT
– POS_DATUM
– ACCURACY
– SUP_DATA
– DATA_SRCE



Supplemental Data Storage Convention



Order Control 
Points Added



Inspection Process

• Parameters
– Inspect for horizontal accuracy only
– Off-line process (local computer)

• first year
– 3 independent inspectors
– Inspect State as a whole

• Inspect all points (410)
• Subset results later



Inspection Process
• Methodology

– Inspection performed using ArcGIS 9.1
– Add imagery (Compressed County Mosaic) & overlay 

control points
– Overlay inspection shapefile and create points

• Two fields to populate
– POINT_ID1 (attribute transfer tool to populate)
– QUALITY (evaluate quality of each point for inspection)

– Use “Point Distance” tool
• Creates distances table for distance from control point to its 

associated inspection point
– Determine whether imagery meets specifications…



Inspection Process (Example)



Add Imagery



Add Control Data and Display X,Y



Add Inspection Shapefile



Zoom to a Control Point



ID the Photo Control Point



Check SUP_DATA



Create Inspection Point



Move on to Next Point



Run Point Distance Tool



SUP_DATA SAMPLES

• Without supplemental data for the control 
points, one is left only with a short 
description…usually not sufficient



SUP_DATA SAMPLES



SUP_DATA SAMPLES



SUP_DATA SAMPLES



SUP_DATA SAMPLES



2006 NAIP UT Inspection Results



Inspector 1

• 405 of 410 points inspected
– 5 points omitted; lack of ground feature ID

• RMSE = 3.26m
• Mean offset = 2.56m
• 96.30% of locations in tolerance (+/- 6m)

– Dataset met requirements
• AGRC points only – 98.9% in tolerance
• Highest quality points – 99.1% in tolerance



Inspector 1





Inspector 2
• 400 of 410 points inspected

– 10 points omitted; lack of ground feature ID
• RMSE = 3.09m
• Mean offset = 2.35m
• Standard Deviation = 2.01m
• Median = 1.91m
• 96.25% of locations in tolerance (+/- 6m)

– Dataset met requirements
• Points with the greatest offsets occurred in 

remote areas





Inspector 3

• 404 of 410 points inspected
– 6 points omitted; lack of ground feature ID

• RMSE = 3.85m
• Mean offset = 3.14m
• Standard Deviation = 2.30m
• Median = 2.65m
• 91.34% of locations in tolerance (+/- 6m)

– Dataset did not met requirements



Distance Between Measured and Control Points
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Comparison of Inspectors’ Results

• Inspector 1 Versus Inspector 2 Selected Points
– 258 points selected by the inspectors were within one meter of 

each other
– The average distance between Inspector 1 and Inspector 2 

selected points was 1.12 meters, which is only slightly larger 
than the size of one pixel 

– Indicates that Inspector 1 and Inspector 2 independently chose 
spatially similar points throughout the inspection process

• Inspector 2 Versus Inspector 3 Selected Points
– 190 points selected were within one meter from each other.  
– The average offset was 1.76 meters (closer to two pixels)

• Inspector 1 Versus Inspector 3 Selected Points
– 189 points selected were within one meter from each other.  
– The average offset was 1.75 meters (closer to two pixels)



National Implementation & 
Recommendations

• Oversight:
– acquisition 
– scheduling 
– coordination 
– maintenance
– data entry 
– inspection 
– standards 
– research 



National Implementation & 
Recommendations

• Nail down the control point database design.  Bring the present 
state of the database to a “final” or end state format

• Develop a procedure to standardize and test for validity new 
control points prior to being entered into the database  

• Develop a schedule and procedure to test and validate current 
points to ensure continued viability for use as control

• Develop active plan and procedure to acquire through 
partnerships, existing datasets, or procurement, new control 
points to ensure continued population of valid control

• Further develop and standardize/automate the absolute horizontal
accuracy inspection process within the inspection architecture



NAIP and APFO Links
USDA - Farm Service Agency - Aerial Photography Field Office 
www.apfo.usda.gov

UT NAIP 2006 Control Point Summary Report
www.apfo.usda.gov
-Select “Support Documents”
-Select “White Papers”

Download data from the Geospatial Data Gateway
http://datagateway.nrcs.usda.gov/

Purchase data from the USDA Aerial Photography Field Office
Email: apfo.sales@slc.usda.gov or Telephone: 801-975-3503

Viewing data online:
Web browser - http://gdw.apfo.usda.gov/naip/viewer




